Seasonal abundance and parasitism of the citrus leafminer, Phyllocnistis citrella Stainton were investigated in controlled and uncontrolled citrus groves from June 2001 through May 2002 on Citrus iyo (iyotangor) in Ehime Prefecture. No significant difference in mean monthly frequency of P. citrella infestation and its parasitoids was found between controlled and uncontrolled groves. There were two peaks of P. citrella infestation, in July and October. These peaks were strongly related to favorable temperature for P. citrella development and continuous flushing of new shoots. At least seven species of the parasite wasps of P. citrella were observed, of which Chrysocharis pentheus (Walker) and Sympiesis striatipes (Ashmead) were the predominant species. The population drastically increased from July to August, and also from October to November, which coincided with heavy infestation of P. citrella in the iyotangor grove. In spite of a high percentage of parasitism (about 70%) in summer and autumn, the damage to tender leaves was noticeable, because all native parasitoids attacked mature larvae and pupae of P. citrella after they had nearly completed their feeding period.
INTRODUCTION
The citrus leafminer, Phyllocnistis citrella Stainton (CLM), is an important pest of citrus and related Rutaceae in Southeast Asia, Australia, East and West Africa (Clausen, 1931; Badawy, 1967; Heppner, 1993) . It was unknown in the western hemisphere until its invasion into South Florida in May 1993 (Heppner, 1993) . The pest spread rapidly throughout commercial citrus growing areas in America and the Caribbean Islands (Knapp et al., 1995) . It occurred simultaneously on the Mediterranean coast of Europe, in the Middle East, and North Africa from 1993 to 1995 (Malausa et al., 1996; Uygun et al., 1996) .
P. citrella mines in the layer of the under and upper surfaces of newly formed leaves during its larval stage. The feeding damage during the larval stage is confined to the epidermal layer, leaving a thin covering over the mine that consists of the cuticle and outer cell wall. Damaged leaves curl, become chlorotic, and then become necrotic. Consequently, heavily infested leaves are frequently distorted and may abscise (Pena and Duncan, 1993; Aschor et al., 1997) .
Effective chemical control of CLM is difficult because its larvae and pupae are protected from insecticides by the leaf cuticle and rolled leaf margins. It can also develop resistance against pesticides after long-term application. Therefore, biological control by hymenopterous parasitoids is a useful tool in suppressing populations of this insect (Ishii, 1953; Batra and Sandhu, 1981; Hoy and Nguyen, 1994) .
The objectives of the present study were to determine the seasonal prevalence of CLM on a commercial variety of Citrus iyo (iyotangor). Furthermore, to assess parasitism rates of CLM in each developmental stage by native parasitoids as potential biological control agents, the population dynamics of the citrus leafminer and its parasitoids were investigated in controlled and uncontrolled citrus groves.
MATERIALS AND METHODS
The seasonal prevalences of P. citrella and its parasitoids were studied from June 2001 to May 2002 at Ehime University Farm. Two citrus groves of 10 year old trees which were separated by a distance of about 100 m were used for observation. One of the two groves remained free of pesticide spraying during this study. The other one received occasional chemical sprays, which are listed in Table 1 . The controlled and uncontrolled groves of iyotangor were 0.5 and 0.3 hectare, respectively.
To determine the population density of P. citrella, five trees were selected at each grove and five new flushes (about 15-20 cm) were randomly cut from each tree per week. Approximately 25 flushes from each grove were cut and transported to the laboratory. Developmental stages of CLM larvae were recognized as follows: First instar larvae (small) are quite flat (0.95Ϯ0.7 mm in length) and translucent; second instar larvae (medium) are slightly elongate (2.27Ϯ0.33 mm in length) and pale greenish yellow; third instar larvae (large) are quite elongate (3.9Ϯ0.32 mm in length) and pale yellow. The number of unparasitized and parasitized eggs, larvae, and pupae of CLM were examined under binocular microscope. Parasitized larvae and pupae of CLM were maintained in separate petri-dishes with infested leaves for parasitoid emergence. The petri-dishes were put in an incubator at 26Ϯ1°C, with a small piece of wet tissue paper for a month. The emerged parasitoids were collected and identified by Scanning Electron Microscope observation using the identification key of CLM parasitoids of Japan (Ujiye and Adachi, 1995; Ujiye et al., 1996) . A paired sampled t-test was applied to determine significance in the difference between mean numbers of eggs, larvae, and pupae in controlled and uncontrolled groves.
RESULTS

During the period from June 2001 to May 2002
, approximately 1,500 flushes were inspected in both controlled and uncontrolled groves. The mean densities of eggs, larvae, and pupae of P. citrella on an iyotangor flush in controlled and uncontrolled groves are given in Table 2 . No significant difference was found between monthly mean frequency of immature stages of CLM in controlled and uncontrolled groves (t-test, pϾ0.05). The low density of eggs, compared to larvae of a flush (Table 2) , could be due to the invisibility of eggs and in proper checking of some small leaflets (Ͻ1 cm in length) at the top of flushes, which carry eggs.
The seasonal changes in the immature stages of P. citrella on a flush of iyotangor in the controlled and uncontrolled groves are shown in Fig. 1 . Seasonal trends of egg, larval and pupal populations were similar between chemical controlled and uncontrolled groves. The first egg infestations commenced from the end of May. Two peaks of egg density were recorded in July and October. Larvae were observed from June and developed rapidly in July, then decreased and again developed from October to November. Infestation was recognized even in December, January and February. Two peaks of larval population were recorded, in July and October. Pupae observed in June were low in density and increased in the next generations. The pupal population peaks occurred in July and November in both groves.
Several native parasitoid wasps belonging to Eulophidae were collected from parasitized larvae and pupae of CLM. Identified species were Chrysocharis pentheus (Walker), Sympiesis striatipes (Ashmead), Pnigalio spp., Cirrospilus injenuus Gahan, Zaommomentedon brevipetiolatus Kamijo, Neochrysocharis formosa (Westwood), and Quadrastichus sp. (Table 3 (Table 3) . Seasonal parasitism trends of mature larvae and pupae of CLM in the controlled and uncontrolled groves are shown in Fig. 2 . Mature larvae and pupae were mainly parasitized by C. pentheus and S. striatipes from late June and increased drastically in successive generations in both groves. The Prevalence and Parasitism of P. citrella 599 peaks of parasitism were recorded in July, August, and October in the controlled and uncontrolled groves, however, no significant difference was detected in any month for parasitoid density in the two groves (t-test, pϾ0.05). The parasitism ratio of pupae in the uncontrolled grove was sometimes higher than that in the controlled grove. Overall, this difference was not significant (pϾ0.05), probably due to large fluctuations in numbers. Average numbers of larvae, pupae, and their parasitism are given in Fig. 3 . The incidence of parasitism on immature small and medium larvae was zero in both controlled and uncontrolled groves. The number of mature large larvae on a flush of iyotangor was slightly higher in the controlled grove than in the uncontrolled grove. Density of pupae and parasitism on a flush of iyotangor indicated a similar trend in both groves.
DISCUSSION
There are many reports dealing with the seasonal prevalence of CLM on different citrus varieties from various areas around the world. Binglin and Mingdu (1996) reported that population peaks of CLM were observed from May to June and August to early September, and the population density decreased to its lowest in January in southern China. Pena et al. (1996) described CLM infestation from early spring through fall, with a decline during winter in lime orchards, and high population peaks were recorded from June to July and September to October in south Florida. Similarly, our results also showed that the first infestation of CLM was recognized at the end of May while the peaks of infestations were in July and October. Both months are during the rainy period in Japan, and coincide with the time for new shoot proliferation of iyotangor trees. However, it is thought that the appearance of CLM at the beginning of the growing season may be associated with favorable temperature rather than with shoot proliferation. Ujiye et al. (1996) reported 24 species of parasitoid wasps of CLM from Japan. In the present survey, C. pentheus and S. striatipes were determined as the dominant species. Their population peaks in August and October almost coincided with the infestation peaks of CLM larvae and pupae. According to Browning and Pena (1995) , parasitoids of P. citrella are not host specific. They also attack immature stages of other lepidopteran and dipteran leafminers. They parasitize alternate hosts on Vitis rotundifolia and Persea americana foliage, including leafminers such as Phyllocnistis spp. In this regard, the appearance of C. pentheus at high density at an early time before the CLM population increase may be related to the presence of an alternative host such as vegetable leafminers, Liriomyza spp., around the iyotangor groves.
In Guangdong, China, the parasitism peak (70%) of CLM occurred from June to July and September up to November, and was 40-50% from August to September in Fujian, China (Binglin and Mingdu, 1996) . In Mexico, a high parasitism ratio (70%) was observed from November to March (BautistaMartinez et al., 1998 ). In the current study, peak parasitism of CLM was recorded in July to August and October to November with 50-70% and 55-60% parasitism, respectively. In spite of a high rate of parasitism in middle summer and autumn, the damage of tender leaves by CLM was noticeable, because most of the native parasitoids attack mature larvae and pupae of CLM when they near completion of their feeding period. Ujiye (1990) reported that male P. citrella moths were attracted by sex attractant trap from a distance of 200-300 m from citrus orchards. This indicates that adult moths of CLM can migrate easily among citrus groves. In our field study, therefore, it was possible that the adult moths migrated between the two groves and caused new infestation, especially in the controlled grove. However, there is no information about the migration of parasitoid wasps between controlled and uncontrolled groves.
Our results show that there were no significant differences in not only the CLM population but also the parasitism rate between controlled and uncontrolled groves. One reason for this is thought to be the effectiveness of the insecticides applied on the controlled grove (Table 1) , or development of tolerance to pesticides due to long-term exposure. Detailed studies need to be carried out to clarify this hypothesis. The similarity of CLM population density and its parasitism rate in the controlled and uncontrolled groves are strongly associated with the biological behavior of CLM and its parasitoids, which are protected by the leaf cuticle from any kind of pesticides throughout their life cycle. Furthermore, migration of adult moths and parasitoids may affect seasonal trends in both groves. Multivoltinism, overlapping generations, and the large number of generations per growing season are other factors that reduce the effectiveness of chemical control to CLM.
This study indicated variable levels of P. citrella parasitism that occurred throughout the growing seasons in iyotangor groves. However, such fluctuations were not different in the uncontrolled and controlled groves. As a result, native parasitoid wasps will be useful agents for establishing an IPM technique with mild chemical control.
